Autophagy has an important role in tumor biology of hepatocellular carcinoma (HCC). Recent studies demonstrated that tissue factor (TF) combined with coagulation factor VII (FVII) has a pathological role by activating a G-protein-coupled receptor called protease-activated receptor 2 (PAR2) for tumor growth. The present study aimed to investigate the interactions of autophagy and the coagulation cascade in HCC. Seventy HCC patients who underwent curative liver resection were recruited. Immunohistochemical staining and western blotting were performed to determine TF, FVII, PAR2 and light chain 3 (LC3A/B) expressions in tumors and their contiguous normal regions. We found that the levels of autophagic marker LC3A/B-II and coagulation proteins (TF, FVII and PAR2) were inversely correlated in human HCC tissues. Treatments with TF, FVII or PAR2 agonist downregulated LC3A/B-II with an increased level of mTOR in Hep3B cells; in contrast, knockdown of TF, FVII or PAR2 increased LC3A/B. Furthermore, mTOR silencing restored the impaired expression of LC3A/B-II in TF-, FVII-or PAR2-treated Hep3B cells and activated autophagy. Last, as an in vivo correlate, we administered TF, FVII or PAR2 agonist in a NOD/severe combined immunodeficiency xenograft model and showed decreased LC3A/B protein levels in HepG2 tumors with treatments.
Subject Category: Cancer
Tissue factor (TF) is a 47-kDa transmembrane glycoprotein that initiates blood coagulation cascade when exposed to activated factor VII (FVIIa). 1 TF is constitutively expressed in a variety of tumor cells and has been implicated in cellular signaling, angiogenesis and tumor progression. Formation of TF-FVIIa complex and generation of downstream coagulation proteases, including activated factor X and thrombin, initiate signaling by activation of protease-activated receptors. 2, 3 Several recent studies indicated that TF has a role in tumor biology 4 and increasing evidence suggests that the TF/FVII complex is involved in the development and spread of cancer. [5] [6] [7] Especially, a study using specific inhibitory antibodies against TF-FVIIa signaling has demonstrated significant attenuation of tumor growth in a human breast cancer model and was found to be dependent on protease-activated receptor 2 (PAR2) activity. 8 Independent evidence also shown that PAR2 deficiency reduced the growth of breast cancer cells in mice and the attenuated tumor development did not further delay in mice with simultaneous deletion of PAR2 and cytoplasmic domain of TF, demonstrating a crosstalk between TF and PAR2 contributes to primary tumor growth in breast cancer. 9 The potential of TF-dependent signaling events to be exploited as therapeutic targets and diagnostic biomarkers in cancer was also discussed. 10, 11 Furthermore, the plasma TF levels of hepatocellular carcinoma (HCC) patients were closely related to tumor differentiation level, tumor size and hepato-cirrhosis occurrence. 12, 13 It also suggested the possible involvement of TF in tumor metastasis and therefore prognosis. 14 Accumulating evidences suggest that angiogenesis is a recurring factor and has an important role in the development, progression and metastasis of HCC. [15] [16] [17] A prospective study has been conducted to evaluate the expression of TF and its correlation with angiogenesis and tumor invasiveness in HCC, and strong correlation between tumor TF levels and histopathological features indicated a significant association between high TF expression and the degree of venous invasion, degree of microsatellite nodules and advanced TNM stage. 18 Furthermore, Zhou's study also demonstrated that TF is overexpressed in both plasma and tissue in HCC patients, and it is closely related with many invasive and metastasis indexes. 19 Autophagy is a physiologic process involved in routine turnover of cell constituents and serves as a temporary survival mechanism during starvation where self-digestion becomes an alternative energy source. Autophagy has also been proposed to have another biological function of clearing unfolded protein under certain stress conditions. 20, 21 The process of autophagy starts by sequestering a portion of the cytoplasm and intracellular organelles in a double membranebound structure known as the autophagosome. The recruitment of both autophagy-related proteins (Atg)-forming Atg12-Atg5 complex and microtubule-associated protein 1 light chain 3 (LC3) are required for the elongation of autophagosomes. These autophagosomes form autolysosomes by fusing with lysosomes and degrade the sequestered contents by lysosomal hydrolases. 22 Recent studies showed that autophagy has an active role in cell death. 20 Autophagy or autophagic cell death has been known as type II programmed cell death in response to many anti-tumor therapies in various types of cancer. 22 Recent data also suggested that autophagy is involved in many aspects of liver diseases, 23 and may be important in the regulation of cancer development and progression and determining the response of tumor cells to anticancer therapy. 24 However, the role of autophagy in these processes is complicated and may, depending on influence of tissue origins or microenvironments, exhibit straight opposite consequences. The mechanisms responsible for low incidence of autophagy in HCC are not fully elucidated.
The mammalian target of rapamycin (mTOR) pathway is abnormally activated in a proportion of HCC patients. 25 Inhibition of mTOR has been shown to suppress liver tumor growth and metastasis. 26, 27 It has also been reported that aberrant activation of the mTOR/ribosomal protein p70 S6 kinase (p70S6K) pathway increased tumor cell proliferation and angiogenesis in an HCC rat model. 28, 29 It was recently shown that inhibition of Akt/mTOR significantly induced autophagy and led to cell death in HCC cells by SAHA, a potent inhibitor of histone deacetylases. 30 Our goal is to investigate the critical role of autophagy in cancer-associated coagulation cascade of HCC. In the present study, based on the negative correlation between TF/FVII and LC3 expression in 70 HCC patients, we investigated the role of TF/FVII/PAR2-mediated signaling in the regulation of autophagy and the involvement of mTOR activity in human HCC by in vitro and in vivo evidences. Our findings suggest a pivotal role of TF/FVII/PAR2-signaling cascade but not thrombin/ PAR1 response in mTOR-dependent blockade of autophagy as further potential therapeutic targets in HCC.
Results
Autophagy is activated in HCC patients with low FVII/PAR2 expression in tumors and vice versa. The formation of lipid-conjugated LC3 (LC3A/B-II) is used as a marker of autophagy. Thus, we performed immunohistochemistry (IHC) staining to evaluate the amount of LC3A/B protein in liver tissue of HCC patients. Tissues were scored for LC3A/B staining from one to four (low to high) for all resected tumor tissues. As shown in Figure 1a , 54 out of 70 normal liver tissues of patients (77.2%) expressed high LC3A/B (scored 3-4) immunogenicity, whereas only 24 out of 70 cancerous liver tissues of patients (35.8%) expressed high LC3A/B. The result demonstrated that LC3A/B is more highly expressed in normal tissues than in cancerous tissues of HCC patients. Furthermore, the expression levels of coagulation factors FVII and PAR2 were analyzed in cancerous tissues by western blot analysis and we found that the expression of both FVII and PAR2 was negatively correlated with that of LC3A/B-II in 70 HCC patients (Figure 1b) . We showed that the antibody used to detect endogenous levels of LC3A/B protein has a much stronger reactivity with the type II form of LC3A/B. FVII and PAR2 expression in 45 out of 70 cancerous tissues with low LC3A/ B-II (grade 1-2) was significantly higher than in their adjacent normal tissues (P-value ¼ 0.006 for FVII, P-value ¼ 0.006 for PAR2), whereas in 25 out of 70 high LC3A/B-II cancerous tissues (grade 3-4), the expression of FVII and PAR2 was lower than in the normal counterparts (P-value ¼ 0.006 for FVII, P-value ¼ 0.006 for PAR2).
Coagulation factors FVII/PAR2 counteract autophagy induction in HCC cells. To investigate the role of coagulation factors FVII and PAR2 in regulating LC3 expression, we treated triplicate Hep3B cells with recombinant (r)TF, rFVIIa, thrombin, PAR1 or a PAR2 peptide agonist for 24 h and observed the LC3A/B-II expression by western blot analysis. As shown in Figure 2a , treatment with rTF, rFVIIa and PAR2 agonist significantly decreased LC3A/B-II expression, whereas no significant change in cells treated with thrombin and PAR1 was observed. Furthermore, knockdown of TF, FVII and PAR2 by means of small interfering RNA (siRNA, 30 nM) leads to a drastic significant increase in protein expression of LC3A/B-II (Figure 2b ). Silencing efficiency of siRNAs for TF, FVII and PAR2 genes was determined to be greater than 90% using quantitative RT-PCR. Furthermore, Hep3B cells were analyzed by immunofluorescence (IF) microscopy using anti-LC3 antibody, and the distributed puncta were detected for the autophagy occurrence. The nuclei were stained with 5 mg/ml Hoechst dye and the cytoplasmic localization of the LC3 puncta was visualized. As shown in Figure 3 , the LC3-positive IF puncta were suppressed by rTF or rFVIIa treatment, whereas the puncta formation was significantly increased in TF or FVII knockdown cells. These findings indicated that inhibition of coagulation cascade via TF/FVII/PAR2 axis correlated with the induction of autophagic activity.
Coagulation factors negatively regulate autophagy via mTOR activity. The mTOR protein is the best known regulator of autophagy in eukaryotes. 31 It has been found that the activity of mTOR complex 1 is inversely correlated with autophagy induction. To investigate the potential role of mTOR in decreasing constitutive autophagy by activation of the TF/FVII/PAR2 axis, we first examined the expression levels of mTOR in Hep3B cells with exposure to rTF, rFVII or PAR2 agonist. The mTOR protein level was increased in cells treated with rTF, rFVII or PAR2 agonist (Figure 4a) , and was almost obliterated in cells with TF, FVII or PAR2 siRNA transfection ( Figure 4b ). The knockdown efficiency of all siRNA experiments were determined to be greater than 90% using quantitative RT-PCR. We also tested whether mTOR signaling pathway is involved in TF/FVII/PAR2-repressed autophagy. Western blot analysis demonstrated that the level of phosphorylated mTOR (p-mTOR, Ser 2448 , active form) as ; p-4EBP1, Ser 65 / Thr 70 ) was increased after rTF, rFVII or PAR2 agonist exposure. However, no significant effect on mTOR expression as well as its phosphorylation in cells treated with thrombin or PAR1 agonist was observed (data nor shown). In the second panel, knockdown of TF/FVII/PAR2 did not alter the expression of phosphorylated mTOR, p70S6K and 4EBP1. These results indicated that induction of TF/FVII/ PAR2 leads to activation of mTOR signaling pathway, however, TF/FVII/PAR2 knockdown causes mTOR suppression and blocks the signals toward its downstream substrates. In addition, the drastically suppressed LC3A/B-II levels in Hep3B cells treated with rTF, rFVII or PAR2 agonist were rescued by mTOR siRNA transfection (Figure 4c ). The result demonstrated that repression of autophagy by TF/FVII/ PAR2 activities relies upon mTOR signaling. Furthermore, the survival of Hep3B cells transfected with PAR2 siRNA or Figure 3 The effects of coagulation factor on the expression of LC3A/B in Hep3B cell line. Hep3B cells were treated with coagulation factors (TF, 200 ng/ml; FVII, 200 ng/ml) for 24 h or transfected with coagulation factor siRNA (TF siRNA, 30 nM and FVII siRNA, 30 nM) for 48 h detected for LC3A/B by immunofluorescence the negative control siRNA was also examined using Cell Counting Kit-8. As shown in Figure 5a , the survival rate decreased significantly in PAR2-knockdown cells compared with those transfected with negative control siRNA (100-59.7%, Po0.05, left panel) in serum-free condition. Correspondingly, the survival was also highly decreased by mTOR knockdown and treatment of PAR2 agonist suppressed cell death and significantly enhanced cell survival (P-valueo0.05, right panel). Although 1% serum was added to minimize the apoptotic response induced by starvation, the significant decrease of cell survival in Hep3B cells by PAR2 knockdown (99.7-91.1%, Po0.01, left panel) as well as the significant increase of cell survival by treating PAR2 agonist (91.1-96.7%, P-valueo0.05, right panel) in mTOR-silencing Hep3B cells were still observed (Figure 5b ). These results indicated that downregulation of mTOR protein expression mediated the induction of autophagic activity by TF/FVII/ PAR2 axis of coagulation cascade.
Coagulation factor-mediated repression of autophagy may occur through an Atg7-dependent pathway. Moreover, the roles of TF/FVII/PAR2 axis on the expression of other Atg involved in the formation and maturation autophagosomes or associated with autolysosomes were examined. We found that protein expression of Atg5 and Atg12, which form the Atg5-Atg12 conjugate as another key regulator of the autophagic process, were not affected by treatment or knockdown of TF/FVII/PAR2. However, the E1 ubiquitin-like modifier-activating enzyme Atg7 was decreased by treatment of rTF, rFVII or PAR2 agonist but not by treatment of thrombin or PAR1 agonist, whereas it was highly induced by knockdown of these genes ( Figure 6 ). We also examined the expression levels of Rab7 and lysosomal-associated membrane protein 1 and found that rTF, rFVII and PAR2 agonist but not thrombin and PAR1 agonist decreased expression of both proteins, whereas knockdown of TF/FVII/PAR2 genes highly induced both proteins.
This result indicated that the Atg5-Atg12 conjugation system may not be involved in the autophagy induction, whereas the LC3-mediated autophagy is regulated by Atg7 through TF/FVII/PAR2 axis in Hep3B cells.
Administration of PAR2 agonist, TF or FVII reduces autophagy induction in xenografts of NOD/severe combined immunodeficiency (SCID) mouse model. To determine whether we were able to recapitulate the molecular events we observed of the TF/FVII/PAR2 axis to autophagy, an HCC xenograft NOD/SCID mouse model was applied. HepG2-inoculated NOD/SCID mice were injected subcutaneously with rTF, rFVIIa or the PAR2 agonist at the site of the tumor. IHC staining of the sections from paraffinembedded xenograft tumors showed that a significant decrease in LC3A/B expression in tumors treated with rTF, rFVIIa or the PAR2 agonist (Figure 7a) . The western blot analysis using lysates from these tumors also demonstrated decreased LC3A/B-II expression by treatment of rTF or rFVIIa as well as the PAR2 agonist (Figure 7b ).
Discussion
The association between cancer and thrombosis has been recognized for over 100 years and the description was refined and extended over the years, culminating in a classic review by Sack et al., 32 and is further supported by the observation that presentation with venous thromboembolism (VTE) may precede the development or diagnosis of cancer. 33 The incidence of thrombosis is significantly increased in patients with cancer compared with the general population. Clinical detectable VTE is found in about 15% of all cancer patients and the proportion is even higher when subclinical cases are counted. 34, 35 In addition, cancer is associated with a fourfold increase in the risk for VTE and chemotherapy further increases this risk between six and sevenfold compared with that in the general individuals. 36 Furthermore, recurrent thromboembolism is twice as likely to occur in patients with cancer as in healthy population, even when established on oral anticoagulant therapy. 37, 38 Overall, the occurrence of VTE in patients with cancer is associated with increased morbidity and mortality. 39 TF overexpression has been reported in a number of cancers, such as glioma, pancreatic cancer, non-small-cell lung cancer, colorectal cancer, renal cell cancer, ovarian cancer, prostate cancer, hepatocellular cancer and breast cancer. 40 Tumor cells themselves are likely to be an important source of the elevated levels of circulating TF. A recent finding showed that cancer cells shed membrane microparticles (MPs) with procoagulant activity. 41 Many other studies have now also shown that a variety of tumor cells release Figure 5 Hep3B cells cultured in (a) serum-free or (b) 1% serum medium were pre-transfected with mTOR siRNA (30 nM) for 24 h, then subsequent treatment of the PAR2 agonist (200 ng/ml) for 24 h was performed and the cell survival rates were measured by cell counting kit (CCK-8). All results are expressed as the mean ± S.D. from three independent experiments. *Po0.05, **Po0.01 all compared with control Figure 6 The effect of coagulation factors on the expression of autophagyrelated genes. Hep3B cells were treated with TF (200 ng/ml), FVII (200 ng/ml), PAR2 agonist (200 ng/ml), thrombin (200 ng/ml) or PAR1 agonist (200 ng/ml) for 24 h, and the total amount of cells were harvested and detected for Atg 5 (C1), Atg7, Atg12, Rab7, LAMP-1 and b-actin by western blot assay. All results are expressed as the mean ± S.D. from three independent experiments TF-positive MPs. It has been widely suggested that these MPs may account for the activation of the coagulation system associated with malignant tumors. Furthermore, it has been found that TF-dependent signaling in promoting tumor progression was mediated by PAR2 8, 11 and in part was through the activation of thrombin-PAR1 signaling coagulation pathway. 42, 43 Interestingly, remarkable studies using specific antibodies or agents against TF have shown that blockade of TF-FVII-mediated signaling but not the TF coagulation response decreases primary tumor growth. 8, 44 However, the level of TF expression varies among different types of cancers. 45 Some cancers are more likely to be prothrombotic than others, 46 but this feature is also suggested to be influenced by disease staging, immobility, as well as by interventions such as surgery or chemotherapy.
In our clinical observations in HCC, the expressions of FVII and PAR2 were inversely correlated with the amount of autophagic effector proteins LC3A/B-II. Our recent data also showed that FVIIa increased invasion and migration properties of HCC cells via PAR2 activation. Consistently, the expression levels of FVII mRNA and protein were significantly correlated with PAR2 gene expression (P ¼ 0.011) in tumor tissue of HCC patients, and were associated with increased invasiveness, migration and decreased survival (data not shown). Furthermore, exposure to rTF, rFVII or PAR2 agonist decreased expression of LC3A/B-II protein in vitro indicating that the effect of TF/FVII/PAR2 coagulation cascade may be a pivotal factor for the malignancy around tumor under certain circumstances. The inhibition of mTOR activity has been widely investigated and associated with TF thrombotic complications in patients receiving organ transplantation, [47] [48] [49] [50] [51] [52] and has also been implicated in risk of thrombosis after the coronary stents. 53 A recent study also elucidated that the TF-FVIIa-activated factor X complex regulates migration of human breast cancer cells. 54 However, the mechanism underlying in interplay of TF coagulation cascade and mTOR activity of cancer has rarely been studied. Activation of the mTOR pathway by TF/FVIIa complex was first observed in breast cancer cells, which was associated with enhanced cell migration in vitro. 54 Here we found that treatment with rTF, rFVII as well as the PAR2 peptide agonist, but not thrombin or PAR1, increased mTOR expression, whereas knockdown of TF, FVII or PAR2 repressed mTOR expression. The LC3A/B-II expression levels, which drastically inhibited by rTF, rFVII or PAR2 activation, were fully rescued by mTOR knockdown in vitro, suggesting mTOR signaling pathway could have a key role in tumor malignancy through TF/FVII/PAR2-mediated suppression of autophagy. Our study is consistent with the non-overlapping properties of TF-mediated coagulation and signaling studied using specific blocking agents as described above, which might also imply the differential involvement of mTOR-dependent blockade of autophagy via TF/FVII/PAR2 but not thrombin/PAR1 pathway. Autophagy pathway and relationship to mTOR signaling has been well investigated in tumor suppression. However, the contradictory effects of metformin, an mTOR inhibitor by activating adenosine monophosphate kinase, suggests inhibition of mTOR does not always lead to the autophagy induction in cancer 55 and could be interrupted by other mechanisms. We further found that the LC3A/B-II expression was induced by sirolimus, a main selective inhibitor of mTOR, and the sirolimus-induced LC3A/B-II was partially reduced by rTF exposure, but was fully suppressed in the presence of rFVII or PAR2 agonist (see Supplementary Figure 1) . The results demonstrated that the effects of sirolimus were not consistent with those of mTOR silencing in TF/FVII/PAR2-mediated suppression of autophagy, and suggested that other regulatory pathways may be elicited by sirolimus, which could turn the coagulation cascade-mediated suppression to be mTOR independent. The less reduction of sirolimus-induced LC3A/B-II in cells may also reflect that the TF/FVII/PAR2 signaling mainly operate through endogenous expression of TF. However, the possible mechanism is under our further investigation.
Moreover, we found that LC3A/B-II formation induced by inhibition of TF/FVII/PAR2 coagulant axis, especially by PAR2 knockdown, was mediated by Atg7 induction but not involved in Atg12-Atg5 conjugation system. This result indicates the important role of PAR2 activity in regulating autophagic flux of Figure 7 The effect of coagulation factors on the expression of LC3A/B protein in mouse xenograft model of tumor grown. TF, FVII or PAR2 agonist was directly injected into NOD/SCID mice bearing HepG2 xenograft tumors and the LC3A/B-II expression was measured by (a) immunohistochemistry or (b) western blot analysis. All results are expressed as the mean±S.D. from three independent experiments HCC in vitro, and also displays a consistent relevance with our clinical observation and the animal model in vivo. Moreover, a recent study demonstrated the differential inhibitory effects of anti-tumor agents on various human prostate cancer cells were due to the genetically impaired Atg5 expression and suggested further clinical investigations of Atg5 defect as well as other members in this conjugate could be necessary in human subjects. 56 Our study may provide another alternative strategy to promote autophagy through induction of Atg7 by PAR2 targeting although more detailed investigations are still needed. Our study provides a novel insight into signaling pathways involved in PAR2 activation, which may be involved in the modulatory mechanisms of autophagy in tumor progression of HCC. We also offer novel evidence for the potential role of PAR2 as a therapeutic target for the treatment of human hepatic cancer. Cell culture. Human HCC cell lines Hep3B and HepG2 were cultivated in an incubator under a 5% carbon dioxide atmosphere at 37 1C in a relative humidity of 95% and were maintained in DMEM (Invitrogen, Karlsruhe, Germany) with 10% FBS (Invitrogen), 100 U/ml penicillin, 100 mg/ml streptomycin and 4 mM L-glutamine (Invitrogen). Recombinant human TF (rTF) and FVII were purchased from R&D Systems (Minneapolis, MN, USA). PAR1 agonist peptide TFLLR-NH 2 and PAR2 agonist peptide SLIGKV-NH 2 were purchased from Peptides International (Louisville, KY, USA).The working concentration of recombinant proteins and agonist peptides was 200 ng/ml. IHC staining. Five-micrometer-thick tissue paraffin sections from representative tissue blocks were cut, de-paraffinized in xylene, rinsed and rehydrated with distilled water through graded alcohol. Antigen retrieval was enhanced by autoclaving slides in 10 mM sodium citrate buffer (pH 6.0) for 30 min. Endogenous peroxidase activity was quenched by incubation in 0.3% hydrogen peroxidemethanol buffer for 30 min. The slides were then incubated overnight at 4 1C in humidified chambers with primary rabbit polyclonal anti-LC3A/B (Ab58610, Abcam, Cambridge, UK) at a dilution of 1 : 400. The slides were washed three times in a phosphate-buffered solution and further incubated with a biotinylated secondary antibody for 30 min at room temperature. Antigen-antibody complexes were detected by the avidin-biotin-peroxidase method, using diaminobenzidine as a chromogenic substrate (DAKO, Carpinteria, CA, USA). Finally, the slides were counterstained with hematoxylin and then examined by light microscopy.
Each slide was evaluated for LC3A/B immunostaining using a semi-quantitative scoring system for staining intensity in tumor or non-tumor tissue sections. The tissue sections were scored by manually counting Z1000 cells based on the percentage of immunostained cells as: r25% ¼ S1; 26-50% ¼ S2; 51-75% ¼ S3 andZ76% ¼ S4.
I F staining. Hep3B cells were fixed and permeabilized in 4% paraformaldehyde at 4 1C for 30 min. The slides were then incubated overnight at 4 1C in humidified chambers with primary rabbit polyclonal anti-LC3A/B (#4108, Cell Signaling Technology, Danvers, MA, USA) at a dilution of 1 : 400. The slides were washed three times in a phosphate-buffered solution and Texas Red or FITCconjugated secondary antibody for 2 h at room temperature. Extensive washing with PBS will be performed between each step and before mounting with Fluoromount-G and examined by fluorescence microscope (Zeiss Axioskop2 fluorescent microscope, Oberkochen, Germany).
Western blot analysis. Cells were washed twice with PBS, trypsinized and centrifuged. Cells were washed twice again, transferred to a new tube and lysed with lysis buffer (2% SDS; 68.5 mM Tris-HCl (pH 6.8); 10% glycerin) containing 1 : 100 protease (Sigma-Aldrich, St. Louis, MO, USA) and 1 : 100 phosphatase (Roche Diagnostics, Mannheim, Germany) inhibitors. Lysates were heated at 95 1C for 8 min and centrifuged at 13 000 r.p.m. for 15 min. Total protein concentration was quantified photometrically using the CoomassiePlus Protein Assay reagent (Thermo Fisher Scientific Inc., Rockford, IL, USA) according to the manufacturer's protocol and compared with a BSA (Sigma-Aldrich) standard curve according to the manufacturer's instructions. Equal amounts of protein were homogenized with loading buffer, separated by 10% SDS-PAGE and transferred to nitrocellulose membranes (GE Healthcare Bio-Sciences Corp., Piscataway, NJ, USA). Membranes were blocked for 45 min in 5% nonfat dried milk in TBS and incubated overnight at 4 1C with primary antibodies (TF, 1 : 1000, Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA), sc-59714; PAR2, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-13504; FVII, 1 : 1000, Abcam, Ab97614; PAR1, 1 : 1000, Abcam, Ab32611; mTOR, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-1549; p-mTOR, 1 : 1000, Cell Signaling Technology, #5536; p70S6K, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-8418; p-p70S6K, Cell Signaling, 1 : 1000, #9234; 4EBP1, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-6936; p-4EBP1, 1 : 1000, Cell Signaling, #9456; LC3A/B, 1 : 1000, Sigma-Aldrich, L8918; b-actin, 1 : 2000, Millpore (Merck Millipore, Oxford, UK), LV158863; LAMP-1, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-5570; Rab7, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-271608; ATG5, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-133158; ATG7, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-376212; ATG12, 1 : 1000, Santa Cruz Biotechnology, Inc., sc-271688) in 5% milk powder in TBS with 0.05% Tween 20 (TBS/T). After washing in TBS/T three times, the membrane was incubated at room temperature for 2 h with infrared fluorescence-labeled secondary antibody (Cell signaling) in 3% nonfat dried milk 1 : 5000 diluted in TBS/T, then rinsed once in PBS and scanned using G:BOX iChemi XL imaging system (Syngene, Cambridge, UK). The experiments were repeated three times for each experimental condition. siRNA transfection. siRNAs directed against TF (sc-44984), FVII (sc-40401), PAR-2 (sc-36188) and mTOR (sc-35409) mRNAs were obtained from Santa Cruz Biotechnology Inc. Transient transfection of Hep3B cells was carried out in triplicate experiments in six-well plates using GenMute siRNA transfection reagent (SignaGen Laboratories, Gaithersburg, MD, USA) and standard procedure in accordance with the manufacturer's recommendations. Briefly, 30 nM of each target siRNA was diluted into free DMEM without serum and antibiotics and mixed in transfection reagent. Cells were then transfected at 37 1C in 5% CO 2 for 24 h and changed with DMEM containing 10% FCS without antibiotics.
Cell proliferation assay. To assay for cell proliferation, Hep3B cell suspension of 100 ml were plated at a density of 1 Â 10 4 per well in 96-well plates and serum starved for 24 h. 10 ml Cell Counting Kit-8 solution (SigmaAldrich) was added to each well of the plate under various treatment conditions. The absorbance was measured at 450 nm using a microplate spectrophotometer (Dynex Technologies Inc., Chantilly, VA, USA).
Tumor xenograft mouse model. SCID mice (4-week old) were housed under standard conditions and cared for according the institutional guidelines for animal care. For the xenograft tumor growth assay, 5 Â 10 6 HepG2 cells were injected substaneously into the right dorsal flank. Treatment, which was initiated when the tumor reached 5 mm in diameter, was through directly subcutaneous injection of TF, FVIIa or PAR2 agonist every other day. After 30 days, the mice were euthanized and the tumors were excised for study.
Statistical analysis. Each experiment was performed at least three times, and the statistical significance of the contentious data was compared between groups by means of the Mann-Whitney U-test or Student's t-test. Statistical
